Controlling carbon dioxide (CO ) emissions has been an important measure to mitigate global climate change, and the study of household consumption and related environmental impacts has become a hot topic in the field of sustainable development research in recent years. Taking 2000-2014 as the research period, this paper studies the indirect CO emissions of household consumption in China by using the MRIO model and uses SDA to analyze the driving factors of indirect CO emissions of household consumption in China. The results show that: (1) During the study period, the indirect CO emissions caused by household consumption in China showed an increasing trend, with the total household amount increasing by 1.9 times, and the per capita CO emissions increasing by 1.76 times.
Introduction
Since the implementation of reform and opening up in the late 1970s, China has been in a state of rapid economic growth. This rapid growth has improved household's living standards and caused a large amount of energy consumption and CO emissions (Liu et al., 2016; W ei et al., 2017) . From 2000 to 2016, China's energy consumption increased from 1.470 billion tons of standard coal to 4.358 billion tons of standard coal, with an average annual growth rate of 7.03%(NBSC 2018). China has become the largest energy consumer in the world, accounting for 23.2% of global energy consumption in 2017 (BP 2018) . With the development of the Chinese economy, more and more high-energy-consuming products will be produced to meet the increasing consumption demand. The question of how to reduce energy consumption and CO emissions effectively while meeting household consumption demand is an urgent problem for China.
There are obvious characteristics of periodic change in China's economic development. Since its accession to the World Trade Organization (W TO) in 2000, China's economy has grown rapidly, and its economic growth rate has stayed above 10%. Until 2008, the outbreak of the international financial crisis led to a sharp contraction of external demand, resulting in a decline in China's exports and a sharp fall in industrial production (Mi et al., 2017b) . To cope with the impact of the crisis, the Chinese government introduced a 4 trillion yuan economic stimulus plan, which avoided a sharp economic downturn. However, the economic growth rate slowed from 14.2% in 2007 to 9.7% in 2008 and 9.4% in 2009(NBSC 2018). After that, China's economic growth fell further, with the rate falling to 7.9% in 2012. Since 2012, China's economy has gradually entered a new stage of economic development: "the new normal". The new normal describes the stage characteristics of China's economic development from high-speed growth to medium-high-speed growth (Mi et al., 2017a) . Since entering the new normal, China's manufacturing industry has come under enormous pressure to absorb excess capacity, and the space for industrial scale expansion has narrowed significantly. At the same time, development of education, culture, health care, tourism, and other services has accelerated. The value added of China's services industry increased to 46.1% of Gross Domestic Product (GDP) in 2013, surpassing that of the secondary industry for the first time. Moreover, with the acceleration of the growth of income of urban and rural residents and the expansion of the middle-income group, consumption has gradually become the main driving force for the economic growth of China, and the role of investment and export in driving economic growth has weakened. The contribution of final consumption to GDP growth reached 54.9% in 2012. After entering the new normal, China's economy has focused more on the driving role of domestic consumption (especially household consumption). In addition, China is currently in the process of rapid urbanization. With the continuous improvement of household income level and the increasingly upgraded consumption structure, the driving role of household consumption in CO2 emissions will continue to increase (Dai et al., 2012) . Therefore, in-depth analysis of the driving factors and their impacts on the rapid growth of CO2 emissions from household consumption in China has important theoretical and practical significance for the rational formulation of emission reduction policies.
paper structure 2.1 Introduction
This study uses the Multi-region Input-Output (MRIO) model and the World Input-Output Database (WIOD) to calculate the indirect CO2 emissions caused by household consumption in China year by year. Then, six factors are selected for structural decomposition analysis to identify the driving factors of CO2 emissions. In the end, a comparison of the major economies in the world is made to evaluate the status of China's CO2 emissions in the world.
Material and methods
The World Input-Output Table ( WIOT) compiled by WIOD is used for multi-regional input-output analysis in this paper. The WIOT consists 43 countries and one ROW region composed of the rest countries. Each country has 56 sectors and the data covers from 2000 to 2014. The CO2 of each industrial sector of each country are derived from the International Energy Agency (IEA 2017), and these emission data include 32 industrial sectors and 143 countries or regions. To help readers understand the calculation procedures, we present the data operations in figure 1 . 
36.44%
From the production side, there is a huge difference in the indirect CO2 emissions from different sectors of household consumption in China. Emissions are concentrated mainly in several energy-intensive sectors, with most of the emissions coming from Electricity, Gas, Steam and Air Conditioning Supply (EGSA), Transport, Storage and Post (TSP) and Residential Activities (RA). From the consumption side, Chinese households tend to consume the final products of the tertiary industry(figure 3).
Figure 3 Composition and trend of indirect CO2 emissions from various sectors of household consumption in China on the production side and the consumption side
China has always been in the position of net outflow of indirect CO2 emissions from household consumption. China exported 1151.27 Mt CO2 emissions to meet household consumption of other countries in 2014, mainly to the United States, the European Union, Japan, Russia, and South Korea, among others; most of these were countries with high per capita CO2 emissions of household consumption. China imported 247.82Mt CO2 emissions from other countries to meet its own household consumption demand, the main source countries being the United States, the European Union, Russia, South Korea, and Japan, among others; all these countries are important import sources for China(figure 4).
Structural decomposition results
The rapid growth of indirect CO2 emissions from household consumption in China is caused mainly by the rapid growth of per capita household consumption. The effect of CO2 intensity of various countries is the main factor that restrains the growth of indirect CO2 emissions from household consumption in China. Population effect, world intermediate product input structure effect, household consumption structure effect, and regional source structure effect all have a relatively weak impact on indirect CO2 emissions from household consumption in China( figure 5 ). 
International comparison of indirect CO2 emissions from household consumption
Household consumption demand is the main contributor to CO2 emissions in the world. In 2014, 59.23% of the world's CO2 emissions came from household consumption, 28.02% came from fixed capital formation, and 9.27% came from government consumption( figure 6 ). The United States, EU28, China, and India are the main countries (regions) for indirect CO2 emissions from household consumption. 
Discussion
Compared with the United States and EU28, the consumption demand of China is insufficient, and the investment demand is excessive. Although the policies introduced by the Chinese government to stimulate domestic consumption demand have achieved some effects, there is still large room for improvement. Since household consumption products are lower carbon than are investment demand products, to reduce the total CO2 emissions of China, the government should actively guide investment demand to the basic livelihood-related consumption areas.
The key points of energy conservation and emission reduction in the future need to reduce gradually the proportion of secondary industry in the national economy. At present, there is still a big gap between China's industrial structure and that of developed countries; in particular, the proportion of tertiary industry is insufficient. The government should strive to cultivate tertiary industry and increase its proportion in the industrial structure. However, at the sectoral level, different policies should be implemented according to the actual conditions of production in different sectors.
Since the effect of CO2 intensity is the main factor restraining the growth of CO2 emissions, enterprises should be encouraged to carry out technological transformation for cleaner production (especially in the GESA sector) and optimize the energy structure. Possible initiatives include reducing the proportion of coal supply and increasing the share of natural gas and renewable energy. In addition, the improvement of the household consumption structure can reduce CO2 emissions effectively. Households should be encouraged to take the environmental impact of consumer goods (such as CO2 emissions of products) into account in consumption and guide households to live a low-carbon life. In short, it is necessary to promote the adjustment of industrial structure and the reduction of CO2 intensity through optimizing consumption structure.
